The distribution of arteries within skeletal muscles of Homo has been investigated in our department as part of our anatomical studies5, 21, 23, 24, 37, [44] [45] [46] [47] [48] [49] [50] 56, 58) . The pectoralis minor muscle, like other muscles, has been the subject of many morphologic3-13'17i26 ' 36,53,55,61,65) , comparative anatomical2, 9, 18, 19, 25, 27, [30] [31] [32] 36, 62) , and neurologic54'64) studies, but only a simple description13) of its supplying arteries is available. We discuss here our findings on the distribution of supplying arteries within the human pectoralis minor muscle.
Materials and Methods

Materials
The pectoralis minor muscle from 50 lateral chests of 26 cadavers of Japanese adults (15 males and 11 females) were used (Table 1) .
Methods
From cadavers fixed in 10% formalin solution, branches of the subclavian and axillary arteries together with the innervating fibers distributed within the pectoralis minor muscle were exposed in detail, recorded, and the muscles with the supplying arteries were resected. Subsequently, an acrylic pigment (Liquitex, Value 3 Red) was injected into the supplying arteries in accordance with the method of Sato44 '45) , and after polymerization, the musclar structures and intramuscular distribution of arteries and nerves were studied in detail under a stereoscopic microscope. Further, the boundaries between the regions supplied by these arteries were plotted and the ratios of their areas were calculated. et al. Table  1 . Number, sex, ae and classification of each case.
Types of nutrient arteries: refer to Fig. 9 . Types of original tendons: original tendons arising from the second, third and fourth ribs are called Type 2.3-4, respectively. Asterisk (*) indicates bilateral similarity.
Results Figure 1 is a schematic diagram of arteries supplying the pectoralis minor muscle. For the purpose of detailed identification, the axillary artery (Ax) was divided on the basis of the pectoralis minor muscle into the first part from the lateral edge of the first rib to the medial edge of this muscle, the second part on the posterior surface of the pectoralis minor muscle, and the third part from the lateral edge of this muscle to the inferior edge of the pectoralis major muscle. In this sample, the highest thoracic artery (Ts) and the thoracoacromial artery (Ta) arise from the first part. The lateral thoracic artery (Ti), abdominal part artery (Pal), Sato, 1976 ) and coracoid processus artery (Pc, or coracobrachial artery (Cb, Sato, 1980) arise from the second part.
After branching out of Ax, Pab runs along the inferior edge of the pectoralis minor muscle, and then runs in parallel with N. pectoralis inferior" (N. thoracica anterior inferior36)), which arises from Ansa pectoralis to reach and supply the abdominal portion of the pectoralis major muscle. Pab was originally named the Ramus partis abdominalis44) but was later renamed Pab52). Pc is the term assigned to the artery that arises from Ax and proceeds in the direction of the lower part of the coracoid process, to supply the coracobrachialis muscle') and part of the pectoralis minor muscle, along with the adjacent soft tissues51).
Cb is the name given to the artery that runs along the superior egde of the musculocutaneous nerve and is distributed mainly in the coracobrachialis, pectoralis minor and bicepus brachii muscles51). The pectoralis minor muscle in this case arose from the anterior surfaces of the second, third and fourth ribs and terminated at the coracoid process, without showing any variational muscular bundle. The weight of the pectoralis minor muscle and the pectoralis major muscle were, respectively, 14 g and 85 g. Figure 2 shows the morphology of the origin of the supplying artery in this case (left figure) , the distribution of the supplying arteries down to the level of arteriola (center figure) and the distribution of the innervating fibers within the muscle (right figure) . It should be noted that the center and right figures are as viewed from the posterior surface of this muscle. N. pectoralis medialis, while arising from the Fasciculus medialis (Fm, C8, Th1) and running downward diagonally along the posterior surface of the end portion of the pectoralis minor muscle, provides a branch for this muscle, then become the inferior pectoral nerve distributed within the abdominal portion of pectoralis major muscle. Immediately after branching, the pectoralis minor muscle nerve fonns the Ansa pectoralis that anastomoses the Truncus medius. It then bifurcates into the superior and inferior branches and is distributed within most of the muscle bundle of the pectoralis minor muscle. The trunk of the inferior branch penetrated the pectoralis minor muscle, then was distributed within the abdominal portion of the pectoralis major muscle. A fine branch of the pectoralis minor muscle, arising from the Trancus medius (Tm, C7), entered into the upper third of the pectoralis minor muscle from the posterior surface, and was distributed in the muscle bundle of the superior peripheral region of this muscle. Five arteries supplied it, namely Ta, Ts, Pc, Pab and T1, as shown in Fig. 2 and Table 2 . Two branches arising from Ta (Type 1-a, see Fig. 4 ) from the first part of Ax entered from the posterior surface of the upper peripheral area of this muscle and were distributed within the muscle bundle (area covered: 13.1%). Ts (Type 1-a, see Fig. 3 ) arising from the first part of Ax was found in the lower muscle bundle of this muscle (area covered: 22.8% ). Pc (Type 2-a, see Fig. 8 ), branching from the second part of Ax, entered from the posterior surface of the terminal part of this muscle (area covered: 6.8%). Pab (Type 2-a, see Fig. 5 ), branching from the second part of Ax and running along the pectoralis minor muscle branch of the innervating tigers, entered from the posterior surface of the middle part of this muscle (area covered: 33.7%). Ti (Type 2-a, see Fig. 6 ), branching from the second part of Ax, entered from the posterior surface of the inferior edge of this muscle and was distributed there (area covered: 23.6%). This case corresponds to the Type I-a classification according to the distribution of the supplying arteries (see Fig. 9 ). In this case, the pectoralis minor muscle arose from the third, fourth and fifth ribs and ended at the coracoid process, without presenting any variational muscle bundle. The weight of the pectoralis minor muscle and the pectoralis major muscle were, respectively, 47 g and 224 g. The muscle bundle in the small upper peripheral part of this muscle was innervated by the branch of the pectoralis minor muscle arising from the Fasciculus lateralis (C5, C6, C7), while the majority of this muscle was innervated by the fibers branching from N. pectoralis medialis (C8, Th1) without joining the ansa pectoralis with the fasciculus lateralis. Three arteries supplied this muscle, namely Ta, Pab and Ti (Table 2 ). Ta (Type 2-a, see b. Muscle weight The ratio of weight of the pectoralis minor muscle to that of the pectoralis major muscle ranged from a maximum 25.2% and to a minimum 16.2%, and averaged 19.8% . There was no significant left to right or sex difference. C. There was no absence of the pectoralis minor muscle nor the variational muscle bundle.
Innervation
Branches from the Fasciculus medialis (Fm, C8 , Th 1) and Truncus medius (Tm, C7) innervated the pectoralis minor muscle, and may be classified into six types.
Type 1: There is the so-called Ansa pectoralis (AP) between Fm and Tm, with the majority innervated by Fm and a small portion innervated by Tm: Right 12 cases (7 males and 5 females), left 13 cases (9 males and 4 females), total 25 cases (50.0 ± 7.07%).
Type 2: Type 1 without AP: Right 1 (female), left 1 (male), total 2 (4.0 ± 2.77%).
Type 3: Type 1 without Tm: Right 10 (7 males, 3 females), left 8 (5 males, 3 females), total 18 (36.0 ± 6.89%).
Type 4: Type 1 with a nearly equal area of distribution for both muscle branches: Right 0, left 1 (female), total 1 (2.0 1.98%).
Type 5: Branches from Fm are distributed throughout most of the muscle bundle, and those from AP are in a minor part: Right 2 (1 male and 1 female), left 0, total 2 (4.0 ± 2.77%). Type 6: Branches from Fm are distributed in a small part of the muscle, while those from AP are distributed throughout most of the muscle: Right 1 (female), left 2 (1 male, 1 female), total 3 (6.0 ± 3.35%).
Under the above classification, Case 1 corresponded to Type 1 and Case 2 to Type 2. No. 242R was classified as Type 1; however, in this case alone the N. pectoralis medialis (inferior pectoral nerve") of the Fm trunk ran along Pab and penetrated the pectoralis minor muscle to reach the abdominal part of the pectoralis major muscle.
3. Supplying arteries a. Branching types of arteries a) Ts As shown in Fig. 3 , those branching from the subclavian artery were classified as Type S, while those branching from the first, second and third parts of Ax were designated as Types 1, 2 and 3, respectively. Furthermore, independent branches are designated as Type a and those forming common trunks with other arteries are classified as Types b, d, e and f, as shown in the figure. The most frequently occurring type was Type 1-a, with a rate of 66% , but 42% of the arteries were distributed in the pectoralis minor muscle. There was one case of Type S with Ts branching from the subclavian artery (No. 217R). In this case, the artery formed a common trunk with A. transversa colli. Ts was absent in two cases (4%), and absent from the pectoralis minor muscle in 18 cases (36%). Cases without Ts in the pectoralis minor muscle in spite of the presence of Ts all had Type 3-4-5 of tendon origins, without any tendon arising from the second rib. b) Ta As shown in Fig. 4 , the majority, 66% , were Type 2-a, with the independent branch originating from the second part of Ax. Ta appeared in all cases, but in No. 215R (Type 2-b) the branch for the pectoralis minor muscle was absent. Fig. 7 .
Sites of origin of the Cb and the rate at which it supplies the PMI. Fig. 5 Pab was absent in nine cases (18%). In the majority (42%), Type 2-a, or a single branch of Pab, appeared. In all types having Pab, the pectoralis minor muscle branch was absent in one case each. d) R. pectoralis minor (Rpm) The R. pectoralis minor appeared as an independent branch from Ax in only one case (No. 211R), in which Pab was absent and Rpm ran along the innervating fiber. e) Ti As shown in Fig. 6, T1 was observed in all cases, but the branch for the pectoralis minor muscle was absent in No. 242L. Type 2-a, or the independent branch of T1, appeared in 38.0%. In addition, type TI formed common trunks with Ta, Td and Pab at the highest incidences.
f) Cb As shown in Fig. 7 , the branch from Cb for the pectoralis minor was observed in nine cases (18 Type IV-b: Type IV-a without Pab but with Ti: 3 cases (6.0 ± 3.36%) Symmetry was observed in three male and two female bodies. All were Type I-a except for a female that was Type III-a. The rate of appearance of Type I-a was 40% for males and 20% for females, with the incidence markedly higher for males. As already discussed in the section on Ts, Types II and IV, which lacked the branch from Ts for the pectoralis minor muscle, agreed well with Type 3-4-5, which did not have the origin from the second rib.
C. Ratios of the areas in which supplying arteries were distributed Figure 10 illustrates the ratios of the areas in which supplying arteries were distributed for each case. Figure 11 shows mean values for each type. Pab was noted in 37 cases (74.0%), covering the widest mean area of 37.6% . T1 and Ta appeared in 49 cases (98.0%), with mean areas of 32.4% and 30.2% , respectively. In the cases without Pab, the area covered by Ti and Ta together exceeded 80.0% . The area covered by Ta was 84.4% in No. 242L, which lacked Ti, and that covered by Pab was 81.7% in No. 215R, which lacked Ta.
d. Number of supplying arteries distributed in the pectoralis minor muscle (Table 2) .
Arteries supplying this muscle ranged in number from two to five, with four in 18 cases (36.0 ± 6.79%), and five in 16 cases (32.0 ± 6.59%). It was interesting to note that only two supplying arteries were found in three cases (6.0 ± 3.36%) of Ta or Ti.
Discussion
The pectoralis minor muscle in Homo is present in the second layer of Mm. thoracis superficiales, arising from the second to sixth rib and ending at the coracoid process. It is a small deltoid completely covered by the pectoralis major muscle. Ontogenetically, Lewis28) and Fujii14) reported that in the 9 mm embryo the pectoralis major and minor muscles are not differentiated, but as a premuscle mass extending from the brachial region it is present from the neck to the anlage of the first rib. Later, the pectoralis major muscle extends gradually downward, and the pectoralis minor muscle separates from the pectoralis major muscle only when the enbryo grows to 14 mm to 16 mm (6 weeks). Phylogenetically32), the pectoralis major and minor muscles are essentially the proper muscle of the upper extremities, with its origin moving secondarily to the body trunk. According to comparative anatomy, the pectoralis major and minor muscles in Homo are explained as consisting of the clavicular portion, the upper half of the sternocostal portion of the pectoralis major muscle originating from the superficial pectoral muscle and the lower half of the sternocostal portion of the pectoralis major muscle and the pectoralis minor muscle originating from the deep pectoral muscle. The abdominal portion of the pectoralis major originates from the thoracoabdominal muscle, as seen in primordial mammais13, 18, 34, 61, 62) . In addition, according to the report of Lander27 and others on the terminal part of the pectoralis minor muscle in mammalia, this muscle is not seen in Didelphis, Elephas or Globicephala25). The pectoralis minor muscle inserts into the humerus in Padetes, Canis31), Felis9), Ursus and Hapale, while it inserts into the lateral tubercle in Nycticebus, into the lesser tubercle in Lepus, Bos and Sus, into the shoulder joint capsule and humerus in Lemur, Cebus, Cyncephalus and Papio, into the coracoid and capsule in Scirus and Tatusia, and into the coracoid in Chiromeles, Hippopotamus, Tupaia, Macaca, Gorilla, Pan, Pongo and Homo. In mammalia, the pectoralis minor muscle inserts into the humerus to capsule, then to the coracoid, and in most primates into the coracoid.
There are a number of reports regarding the ribs from which the pectoralis minor muscle arises in Homo. Incidences(%) of types as reported by the authors and Hojo et al. 17) It can be seen from the above that Type 2-3.4.5 appeared at the highest rate in adults except for Americans and Negroes, whereas Type 3-4.5 appeared in the majority of Americans. Negroes and Japanese fetuses. Type 2.3.4.5.6 is very rare , observed by the authors only in one female case and by Seib in four female cases. In Canis and Fells, the pectoralis minor muscle (deep pectoral muscle) is larger and heavier than the pectoralis major muscle (superficial pectoral muscle). However, in Homo the pectoralis major muscle is well developed and the pectoralis minor muscle is somewhat degenerated. According to our measurement, the mean ratio of the weight of the pectoralis minor muscle to that of the pectoralis major muscle is 19.8% , without any notable left to right or sex difference. Furthermore, no extraordinary morphology was observed. As the pectoralis minor muscle develops through the complex process discussed above, reports on the absence of this muscle11, 34, 35, 41) or excessive muscle bundles13,33,60) are many.
In terms of the innervation of the pectoralis minor muscle, Morita36) explained that Homo is developed from Papio and not from Macaca, from the viewpoint of comparative anatomy. In Homo, a part of the cranial and intermedial pectoral nerve form the medial branch (C7), which innervates the pectoralis minor muscle, the lower sternocostal portion of the pectoralis major muscle and the sternal muscle. The caudal pectoral nerve and part of the intermedial pectoral nerve form the lower branch (mainly Cs and Th 1) to the pectoralis minor muscle, the abdominal and lowest sternocostal portion of the pectoralis major muscle and M. pectoralis tertius (Eialer13)), with the Ansa pectoralis (AP) between these branches. Shimizu54) reported on the relation between the course of the anterior thoracic nerve and the pectoralis minor muscle, but gave no clear indication as to the branches of the pectoralis minor muscle.
Type 1 corresponds with the description of Morita, while Tm (medial branch of Morita36)) is located in the upper muscle bundle of the pectoralis minor muscle. Fm (lower branch of Morita36)) was located in the intermediate and lower muscle bundle of the pectoralis minor muscle in 50% of the cases examined. Type 3, lacking the branch from Tm, appeared in 36% of cases. Together with the former cases, these were observed in 86% . Since Type 2 lacked AP between Tm and Fm, and Types 5 and 6 were also present with a branch from AP for the pectoralis minor muscle, it is assumed that the upper muscle bundle of the pectoralis minor muscle is innervated by Tm and the lower bundle by Fm. Degeneration of the upper muscle bundle caused the appearance of Type 3 without innervation by Tm, while degeneration of the lower muscle bundle probably resulted in No. 242R and the case reported by Shimizu54) with the inferior pectoral nerve penetrating the pectoralis minor muscle. However, there was no correlation between Type 3 and the morphology of the tendon forming the origin of the pectoralis minor muscle. The pectoralis minor muscle functions to pull the scapula forward and downward, and when stabilized with the levator scapulae muscle, pulls up the ribs to act as an accessory muscle for exhalation. However, there are very few reports on EMG6).
Supplying arteries:
A number of reports have shown histologic relations between skeletal muscle fibers and supplying arteries40 '43) , and between tendons and supplying arteries4 '63) . There have also been many reports on the morphology of branches of the axillary artery as the main supplying artery, including that of Adachil) and others8, 10, 12, 16, 20, 22, 38, 39, 42, 59) . These reports, however, do not refer to the morphology of the final muscles. Very few reports have described the arteries supplying the pectoralis minor muscle: only Eisier13) and Mather et al.29) mentioned Rr. pectorales and R. deltoideus of thoracoacromial artery as major supplying arteries. The morphology of the supplying arteries within this muscle remains unclear.
A. thoracica suprema (Ts):
This artery occurred as an independent branch (Type a) in 82% of the cases. In Japanese adults, Nagano39 reported Type a in 65% of cases and Sato et a1.51) reported it in 86% of cases. In Chinese adults, Fukuyamal5) reported Type a in 74% of cases. All these findings are in agreement with the rate reported here. We observed a rare case in which Ts branched off the subclavian artery in a common trunk with transverse cervical artery (A. transversa colli), not reported by Takafuji et al..
Ts was absent in 36% of the pectoralis minor muscle samples examined. All occurrences were in cases where the pectoralis minor muscle arose from the third rib or below, suggesting a relation with the degeneration of this muscle. The mean area covered was 10.8%.
A. thoracoacromialis (Ta):
This artery occurred most frequently, as an independent branch (Type a), namely, in 72% of the cases. Branching to Ta from the first part of Ax was reported by De Garis et al." in 84.9% of the cases, by Fukuyamal5) in 83.0% of the cases, by the authors in 94% of the cases, by HuelkeN) in 68.5% of the cases and by Sato et al.51) in 92% of the cases. The significant differences in the rate of occurrence are due to variations in the upper edge of the pectoralis minor muscle. The mean area covered by Ta was 30.2%
A. partis abdominalis (Pad, Sato, '76):
Pad mainly branches from the second part of Ax to give off a branch for the pectoralis minor muscle, then runs along the lower edge of this muscle parallel with the inferior pectoral nerve" and supplies the abdominal portion of the pectoralis major muscle. This was previously named the Ramus partis abdominalis44), but was later changed to A. partis abdominalis52). No report has mentioned this artery except for that of Yamada et al .", who provisionally called it the A. pectoralis inferior. It occurs as an independent branch (Type a) in 42% . This branch, forming a common trunk with Ti (Type d), occurred in 16% . Care should be taken to distinguish this artery, as it is often mistaken for Ti. The mean area of distribution was 37.6% , but it covered wider area when present (74%) .
A. thoracica lateralis (111):
This artery occured as Type a in 38% , and in most cases it formed a common trunk with one of the other arteries. It was present in most of the pectoralis minor muscles, and the mean area covered was 32.4% , the largest area after that covered by Pab .
A. coracobrachialis (Cb, Sato, '80):
Cb occurred as an independent branch (Type 9) in 90% of the cases. It runs along the N . muscicutaneus and is present mostly in the coracobrachialis muscle51). Though in the pectoralis minor muscles , it occurs in 18% of the cases, covering the mean area of 7% , it is present in 100% of the coracobrachialis muscles37), covering the largest mean area of 38 .8% . In addition, it has been reported that at the caput breve m. bicipitis brachii, it occurs in 90% of the cases, and covers a mean area of 11 .2% . At the caput longum it occurs in 8% of the cases , covering a mean area of 6.8% , thus Cb may be considered the primary supplying artery for the coracobrachialis muscle.
A. processus coracoideris (Pc , Sato-Takafuji, '85):
This artery arises from Ax, runs in the direction of the lower part of the coracoid process , and is present in the coracobrachialis and pectoralis minor muscles51). It appears to coincide with the subcoracoid artery (Yamanouchi)39), but there has been no detailed description of the area covered by this artery. An artery which may correspond to Pc appears in 53.3% of American whites and Negroes as reported by Huelke20), in 89.5% of Caucasians and 83.9% of Negroes as reported by De Garis et al. '°), in 100% and 68.0% of Japanese as reported by Nagano39) and Sato et a1.51, respectively . In our study, it occurred in 40.0% of the cases , covering a mean area of 6.4% . According to the report of Moriya et al. 36 ) on the coracobrachialis muscle , Pc appeared in 40% of the cases , covering a mean area of 9.5% , which is larger than that in the pectoralis minor muscles.
R. pectoralis minor:
This artery, found in No. 211R , arises from Ax as an independent branch for the pectoralis minor muscle, but there have been no reports on it .
There are no reports on the intramuscular distribution of supplying arteries within the pectoralis minor muscle.
In our study, we assigned the term Type a to arteries with Pab and Type b to those without . In addition, Type I was used for those with T1 , Ta, Ts and Pc or Cb; Type II, Type III and Type IV were used for those, respectively, of Type I without Ts , Pc or Cb, Ts, or Cb. Type I-a occurred most frequently , i n 32.0% of the cases , followed by Type III-a in 20.0% of the cases, and Type II-a in 14 .0% of the cases. The area of the pectoralis minor muscle covered by Pab was 37.6% , by Ti 32.4% and by Ta 30.2%. It was interesting to note that Ta was present when Ti was absent, and Pab was present in the absence of Ta.
The number of supplying arteries ranged from two to five. Four arteries were present in 36 .0% of the cases, and five in 32.0% of the cases . The number of supplying arteries present was similar to that in the Peroneus brevis5°) , Popliteus47) and Corsacobrachialis.
Based on the above morphologic features , the distribution of the supplying arteries in this muscle corresponded with Type I (many different sources) as reported by Campbell et a1 .7) and Type II (dominant vascular pedicles and minor vascular pedicles) as described by Mather et a1. 29) .
From the muscular morphology , supplying arteries and innervating fibers of the pectoralis minor muscle , i t is possible to assume the following: the pectoralis minor muscle in lower mammalia is more well developed than the pectoralis major muscle (superficial pectoral muscle) and arises from the first or lower ribs and ends at the humerus . However, in primata it ends at the coracoid process , and with the development of the pectoralis major muscle , the pectoralis minor muscle degenerates from its origin at the superior and inferior ribs so that in Homo it now arises from the second to fifth rib . The upper and lower muscle bundles were initially innervated by Tm (medial branch C7) and Fm (lower branch C 8. Th 1), respectively, but the degeneration of the upper muscle bundle resulted in Type 3 , which lacks Tm. Depending on the extent of degeneration , transient types (Type 4 through 6) occurred , along with changes in the site of penetration54) through the pectoralis minor muscle. Ts, which is the supplying artery branching from the Su and proximal portion of Ax , occasionally is not present in cases lacking the origin of this muscle at the second rib because of this degeneration.
